The bacterial diversity of a submerged filter, used for the removal of ammonia and phenol from an industrial wastewater with high salinity, was studied by a cultivation-independent approach based on PCR/TGGE (temperature-gradient gel electrophoresis). The wastewater treatment plant (laboratory scale) combined the nitrification and denitrification processes and consisted of two separated columns (one anoxic and one aerated) connected through a valve. The spatial diversity of bacterial communities in the plant biofilms was analysed by taking samples at four different heights in the system. TGGE profiles of PCR-amplified sequences of the 16 S rRNA gene (V3-hypervariable region) showed significant variations of the bacterial diversity, mainly depending on the concentration of O 2 along the system. Several bands separated by TGGE were reamplified and sequenced, in order to explore the composition of the microbial communities in the biofilms. Most of the sequenced bands (10 out of 13) were closely related to the 16 S rRNA gene of marine α-proteobacteria, mainly grouping in the periphery of the genus Roseobacter. Other sequences were related to those of γ -proteobacteria, the nitrite oxidizer Nitrospira marina and anaerobic phenol-degrading bacteria of the Desulfobacteraceae.
Introduction
The ability of bacteria to develop biofilms on solid surfaces is a useful feature that is often taken advantage of for the design of bioremediation processes. Fixed film technology is widely applied for the removal of organic matter and nitrogen from wastewater through the biological process of nitrificationdenitrification. Among other advantages compared with the more generally applied activated sludge technology, submerged filters are of the simplest control and maintenance, need less room, lower costs, and minimize odours and noise [1] . The study of the microbial ecology of these systems improves the knowledge necessary to progress in the design and management of treatment plants. Molecular techniques are of fairly recent introduction in microbial ecology and have considerably broadened the information about the microorganisms in their habitats, as they have made possible the study of the non-cultivable bacteria [2] . In the present study, cultivation-independent methods were applied to study the bacterial diversity of submerged filter biofilms in a laboratory-scale treatment plant based on the nitrification-denitrification process, which was successfully used for the removal of ammonia and phenol from an industrial wastewater with high salinity generated by a pharmaceutical company.
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Materials and methods

Plant design
The plant design ( Figure 1A ) was based on a previously used effective system for the treatment of urban wastewater [3] . It consisted of two identical Plexiglas cylindrical columns in series (both 2 m high and 15 cm in diameter). The system was packed (1.2 m high) with clayey schists from recycled construction materials, catalogued as residue by the European legislation (CER 170103). The columns were connected with a valve that allows a separated cleaning of the biofilters. The system was operated in pre-denitrification mode, with a recycle rate of 600%. The biofilters operate downflow (denitrifying column, anoxic) and upflow (nitrifying column, oxic), fed with an industrial wastewater with a high content of ammonia (340 mg/l), phenol (1000 mg/l) and high salinity (30 g/l), as the company providing the wastewater is located by the seaside and uses sea water in its processes.
Biofilm sampling and DNA extraction
The spatial diversity of bacterial communities in the submerged biofilms was analysed by a TGGE (temperaturegradient gel electrophoresis) approach, based on the partial sequence of the 16 S rRNA gene (V3-hypervariable region). For this purpose, biofilter samples were taken at four different heights in the column system, as shown in Figure 1 (A). Biofilm was recovered from the support material as already described [3] . DNA was extracted by a modification of a previously described method [4] .
PCR, TGGE and sequencing
DNA [1 µl (2-5 ng)] was used as template for PCR using universal primers fD1 and rD1 to amplify the 16 S rRNA gene in almost its full length [5] , and subsequently 1 µl of the first PCR product was used as template for a nested PCR using universal primers GC-P1 and P2, targeting the V3-hypervariable region [6] . Conditions for each of the PCR reactions were kept as described previously [4, 7] . HPLC-purified oligonucleotides were purchased from Sigma, and AmpliTaq Gold polymerase (Applied Biosystems) was used for all PCRs. Final PCR products were cleaned and/or concentrated (when required) using Microcon YM cartridges. A 2-5 µl volume was loaded in each well for TGGE, using a TGGE Maxi system (Whatman-Biometra).
Denaturing gels (6% polyacrylamide with 20% deionized formamide, 2% glycerol and 8 M urea) were made and run with 2 × TAE (Tris/acetate/EDTA) buffer. Temperature gradient was optimized for efficient separation of bands at 43-63
• C. The gels were run at 125 V for 18 h. Bands were visualized by silver staining using the Gel Code Silver Staining kit (Pierce). Portions of individual bands on stained TGGE gels were picked up with sterile pipette tips, placed in 10 µl of sterile PCR water and directly used for reamplification with the appropriate primers. PCR products were purified by agarose gel running, followed by DNA extraction with the Quiaex-II kit (Qiagen). DNA recovered from gels was directly used for automated sequencing in an Applied Biosystems 3100 Capillary automatic sequencer.
Biocomputing
DNA sequences were analysed using the biocomputing tools provided on-line by the European Bioinformatics Institute (http://www.ebi.ac.uk). The ClustalX v.1.8 software [8] was used for the aligning of sequences. Phylogenetic and molecular evolutionary analyses were conducted using MEGA version 2.1 [9] .
Results and discussion
As shown in Figure 1(B) , TGGE profiles showed significant variations of the bacterial diversity, depending on the availability of O 2 along the system. Bands 02C, 03C, 04C, 06C, 08C, 16C and 17C are only visible in samples amplified from DNA coming from the anoxic column, while bands 05C, 12C, 18C and 19C predominate in the aerated part of the plant. In order to analyse the composition of these microbial communities in the biofilms, several bands separated by TGGE were re-amplified and sequenced. Some of the bands failed to re-amplify, or yielded sequences with a high number of uncertain positions (02C, 04C, 13C, 15C and 19C), and therefore were excluded from the analysis. The phylogenetic tree (Figure 2) shows that most of the bands successfully sequenced (10 out of 13) were related to the 16 S rRNA gene of marine α-proteobacteria, mainly grouping in the periphery of the genus Roseobacter (bands 08C, 12C, 16CP and 17CP). The rest of the sequences which were related to those of α-proteobacteria clustered within the Rhizobiales. α-Proteobacteria are a substantial component of the bacterial communities in marine bacterioplankton, where Roseobacter-like strains are the major group of aerobic anoxygenic phototrophs, which are also able to grow heterotrophically in the presence of oxygen [10] . Organisms phylogenetically close to the Roseobacter group are ubiquitous and important primary colonizers of surfaces in coastal environments, pioneering the formation of biofilms [11, 12] . Strains phylogenetically close to Roseobacter have also been described as predominant in the early stages of degradation of hydrocarbons in marine habitats [13] . Many strains have the pca genes encoding the enzymes of the protocatechuic branch of the 2-oxoadipate pathway and are able to aerobically degrade lignin-related aromatic monomers, including phydroxybenzoate, vanillate and ferulate [14] . These results support the potential of Roseobacter spp. as useful bacteria for the bioremediation of hydrocarbon-contaminated sea water.
The sequence of band 06C was found to be phylogenetically related to those of the Desulfobacteraceae, and interestingly this band was only present in amplified V3 fragments of DNA samples taken from the anaerobic part of the column system ( Figure 1B) . Remarkably, marine sulphate-reducing bacteria of the Desulfobacteraceae grow anaerobically on aromatic hydrocarbons such as phenol and toluene as sole carbon source [15] . Other sequences from predominant TGGE bands were related to γ -proteobacteria (03C), and to the nitrite oxidizer Nitrospira marina (05C), which was only present in the aerated part of the system.
Our results substantiate the utility of TGGE to monitor community diversity in bioremediation processes. Phylogenetic analysis derived from TGGE separation confirmed the dominance of α-proteobacteria as colonizers of the biofilms formed in the wastewater plant used in the study. The finding of biofilm colonizers which are phylogenetically close to bacteria able to degrade phenol both aerobically and anaerobically suggests the possible occurrence of both degradative pathways in the system used in the study. These hypotheses will be further explored in future research.
